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The utility maximisation framework in the paper is set out in the following way:  
 
max 
𝑇𝑊,𝑇𝑊𝑊, 𝑇𝑊1,…,𝑇𝑊𝐽,𝑇1𝑊,…,𝑇𝑖𝑊,
𝑇1,…,𝑇𝐼,𝑇11,…,𝑇𝐼𝐽,𝑋1,…,𝑋𝐾
 𝑈 =
 
(i)  
 
 = Ω𝑇𝑊
𝜃𝑊 (∏ 𝑇
𝑊𝑗
𝜃𝑊𝑗
𝑗=𝐽
𝑗=1
)𝑇𝑊𝑊
𝜃𝑊𝑊 (∏ 𝑇𝑖𝑊
𝜃𝑖𝑊
𝑖=𝐼
𝑖=1
) (∏ 𝑇𝑖
𝜃𝑖
𝑖=𝐼
𝑖=1
) (∏ ∏ 𝑇
𝑖𝑗
𝜃𝑖𝑗
𝑗=𝐽
𝑗=1
𝑖=𝐼
𝑖=1
) (∏ 𝑋𝑘
𝜂𝑘
𝑘=𝐾
𝑘=1
) 
 
Subject to:  
𝑤 (𝑇𝑊 + ∑ 𝛿𝑖𝑊𝑇𝑖𝑊
𝑖=𝐼
𝑖=1
) + 𝑀 − ∑ 𝑃𝑘𝑋𝑘
𝑘=𝐾
𝑘=1
≥ 0 → 𝜆 (ii)  
𝑇𝑊 + ∑ 𝑇𝑖
𝑖=𝐼
𝑖=1
− 𝜏 = 0 → 𝜇 (iii)  
𝑇𝑊𝑊 + ∑ 𝑇𝑊𝑗
𝑗=𝐽
𝑗=1
− 𝑇𝑊 = 0 → 𝜇𝑊 (iv)  
               𝑇𝑖𝑊 + ∑ 𝑇𝑖𝑗
𝑗=𝐽
𝑗=1
− 𝑇𝑖 = 0              ∀𝑖 ∈ 𝐼 → 𝜇𝑖 (v)  
                  𝑇𝑖 − 𝑇𝑖𝑀𝐼𝑁 ≥ 0              ∀𝑖 ∈ 𝐼 → 𝜅𝑖 (vi)  
Also possible (but let’s ignore this case):     𝑇𝑖𝑗 − 𝑇𝑖𝑗𝑀𝐼𝑁 ≥ 0              ∀𝑖 ∈ 𝐼, ∀𝑗 ∈ 𝐽 → 𝜅𝑖𝑗    (vi-a) 
                  𝑋𝑘 − 𝑋𝑘𝑀𝐼𝑁 ≥ 0              ∀𝑘 ∈ 𝐾 → 𝜓𝑖  (vii)  
   
We can form an appropriate Lagrangian:   
   
ℒ = 𝑈 −  𝜆 [𝑀𝑓 + 𝑤 (𝑇𝑊 + ∑ 𝛿𝑖𝑊𝑇𝑖𝑊
𝑖=𝐼
𝑖=1
) − ∑ 𝑃𝑘𝑋𝑘
𝑘=𝐾
𝑘=1
] − 𝜇 [𝑇𝑊 + ∑ 𝑇𝑖 − 𝜏
𝑖=𝐼
𝑖=1
] + 
(viii)  −𝜇𝑊 [𝑇𝑊𝑊 + ∑ 𝑇𝑊𝑗
𝑗=𝐽
𝑗=1
− 𝑇𝑊] − ∑ 𝜇𝑖 [𝑇𝑖𝑊 + ∑ 𝑇𝑖𝑗
𝑗=𝐽
𝑗=1
− 𝑇𝑖] −
𝑖=𝐼
𝑖=1
∑ 𝜅𝑖[𝑇𝑖 − 𝑇𝑖𝑀𝐼𝑁] +
𝑖=𝐼
𝑖=1
 
              − ∑ 𝜓𝑘[𝑋𝑘 − 𝑋𝑘𝑀𝐼𝑁]
𝑘=𝐾
𝑘=1
 
Now define:  
ℱ - set of freely chosen activities  
ℛ - set of restricted activities  
with the following properties:  
                  𝑇𝑓 > 𝑇𝑓𝑀𝐼𝑁                    ∀𝑓 ∈ ℱ (ix)  
                  𝑇𝑟 = 𝑇𝑟𝑀𝐼𝑁                   ∀𝑟 ∈ ℛ (x)  
ℱ ∪ ℛ = 𝐼 (xi)  
𝐿 - set of freely chosen goods  
𝑆 - set of restricted goods  
with the following properties:  
                  𝑋𝑙 > 𝑇𝑙𝑀𝐼𝑁                   ∀𝑙 ∈ 𝐿 (xii)  
                  𝑋𝑠 > 𝑇𝑠𝑀𝐼𝑁                    ∀𝑠 ∈ 𝑆 (xiii)  
𝐿 ∪ 𝑆 = 𝐾 (xiv)  
Hence define committed, non-work time:  
𝑇𝑅 = ∑ 𝑇𝑟 =
𝑅
𝑟=1
∑ 𝑇𝑗𝑀𝐼𝑁
 
𝑗∈𝑅
 (xv)  
And committed expenditures:  
𝐺𝑆 = ∑ 𝑃𝑠𝑋𝑠 − 𝑀 =
𝑆
𝑠=1
∑ 𝑃𝑘𝑋𝑘𝑀𝐼𝑁
 
𝑘∈𝑅
− 𝑀 (xvi)  
First order conditions:  
𝑑ℒ
𝑑𝑇𝑊
=
𝜃𝑊𝑈
𝑇𝑊
−  𝜆𝑤 − 𝜇 + 𝜇𝑊 = 0 (xvii)  
𝑑ℒ
𝑑𝑇𝑊𝑊
=
𝜃𝑊𝑊𝑈
𝑇𝑊𝑊
− 𝜇𝑊 = 0 (xviii)  
𝑑ℒ
𝑑𝑇𝑊𝑗
=
𝜃𝑊𝑗𝑈
𝑇𝑊
− 𝜇𝑊 = 0 (xix)  
𝑑ℒ
𝑑𝑇𝑖𝑊
=
𝜃𝑖𝑊𝑈
𝑇𝑖𝑊
−  𝜆𝑤𝛿𝑖𝑊 − 𝜇𝑖 = 0             ∀𝑖 ∈ 𝐼 (xx)  
𝑑ℒ
𝑑𝑇𝑖
=
𝜃𝑖𝑈
𝑇𝑖
− 𝜇 + 𝜇𝑖 = 0             ∀𝑖 ∈ ℱ (xxi)  
𝑑ℒ
𝑑𝑇𝑖
=
𝜃𝑖𝑈
𝑇𝑖
− 𝜇 + 𝜇𝑖 − 𝜅𝑖 = 0             ∀𝑖 ∈ 𝑅 (xxii)  
𝑑ℒ
𝑑𝑇𝑖𝑗
=
𝜃𝑖𝑗𝑈
𝑇𝑖𝑗
− 𝜇𝑖 = 0             ∀𝑖𝑗, 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽 (xxiii)  
𝑑ℒ
𝑑𝑋𝑘
=
𝜂𝑘𝑈
𝑋𝑘
+ 𝜆𝑃𝑘 = 0             ∀𝑘 ∈ 𝐿 (xxiv)  
𝑑ℒ
𝑑𝑋𝑘
=
𝜂𝑘𝑈
𝑋𝑘
+ 𝜆𝑃𝑘 − 𝜓𝑘 = 0             ∀𝑘 ∈ 𝑆 (xxv)  
𝑑ℒ
𝑑𝜆
= − [𝑀𝑓 + 𝑤 (𝑇𝑊 + ∑ 𝛿𝑖𝑊𝑇𝑖𝑊
𝑖=𝐼
𝑖=1
) − ∑ 𝑃𝑘𝑋𝑘
𝑘=𝐾
𝑘=1
] = 0 (xxvi)  
𝑑ℒ
𝑑𝜇
= − [𝑇𝑊 + ∑ 𝑇𝑖 − 𝜏
𝑖=𝐼
𝑖=1
] = 0 (xxvii)  
𝑑ℒ
𝑑𝜇𝑊
= − [𝑇𝑊𝑊 + ∑ 𝑇𝑊𝑗
𝑗=𝐽
𝑗=1
− 𝑇𝑊] = 0 (xxviii)  
𝑑ℒ
𝑑𝜇𝑖
= − [𝑇𝑖𝑊 + ∑ 𝑇𝑖𝑗
𝑗=𝐽
𝑗=1
− 𝑇𝑖] = 0                  ∀𝑖 ∈ 𝐼 (xxix)  
𝑑ℒ
𝑑𝜅𝑖
= −[𝑇𝑖 − 𝑇𝑖𝑀𝐼𝑁] = 0                  ∀𝑖 ∈ 𝐼 (xxx)  
𝑑ℒ
𝑑𝜓𝑘
= −[𝑋𝑘 − 𝑋𝑘𝑀𝐼𝑁] = 0                  ∀𝑘 ∈ 𝐾 (xxxi)  
 (xxxii)  
  
From (xvi),(xvii) and (xxvi), noting that (xvii) latter applies to all activities j:  
𝑈
𝜇𝑊
(𝜃𝑊𝑊 + ∑ 𝜃𝑊𝑗
𝑗=𝐽
𝑗=1
) = 𝑇𝑊𝑊 + ∑ 𝑇𝑊𝑗
𝑗=𝐽
𝑗=1
= 𝑇𝑊 (xxxiii)  
Hence:  
𝑈
𝑇𝑊
(𝜃𝑊𝑊 + ∑ 𝜃𝑊𝑗
𝑗=𝐽
𝑗=1
) = 𝜇𝑊 (xxxiv)  
From (20), (21), (23)  
𝜃𝑖𝑈
𝑇𝑖
+ 𝜇𝑖 = 𝜇                 ∀𝑖 ∈ ℱ (xxxv)  
𝜃𝑖𝑗𝑈
𝑇𝑖𝑗
= 𝜇𝑖             ∀𝑖𝑗, 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽 (xxxvi)  
𝜃𝑖𝑊𝑈
𝑇𝑖𝑊
=  𝜆𝑤𝛿𝑖𝑊 + 𝜇𝑖            ∀𝑖 ∈ 𝐼 (xxxvii)  
Assuming that 𝛿𝑖𝑊 = 0 for all activities 𝑖, i.e. individual is not paid additional wage for 
work as a secondary activity enables linking (xxiv), (xxv), and while noting the presence of 
constraint (xxvii) to yield: 
 
𝑈
𝑇𝑖
(𝜃𝑖𝑊 + ∑ 𝜃𝑖𝑗
𝑗=𝐽
𝑗=1
) = 𝜇𝑖         ∀𝑖 ∈ ℱ (xxxviii) 
Which can be related to (xxxv):  
𝜃𝑖𝑈
𝜇
+
𝑈
𝜇
(𝜃𝑖𝑊 + ∑ 𝜃𝑖𝑗
𝑗=𝐽
𝑗=1
) = 𝑇𝑖        ∀𝑖 ∈ ℱ (xxxix)  
Since this is valid for all freely chosen activities, it is possible to write:  
𝑈
𝜇
∑ (𝜃𝑖 + 𝜃𝑖𝑊 + ∑ 𝜃𝑖𝑗
𝑗=𝐽
𝑗=1
)
𝑖∈ℱ
= 𝜏 − 𝑇𝑊 − 𝑇𝑅         (xl)  
Which can be rearranged to yield an expression equivalent to equation 2.60 from Jara-Diaz 
(2007): 
 
∑ (𝜃𝑖 + 𝜃𝑖𝑊 + ∑ 𝜃𝑖𝑗
𝑗=𝐽
𝑗=1 )𝑖∈ℱ
𝜏 − 𝑇𝑊 − 𝑇𝑅
=
𝜇
𝑈
 (xli)  
Similar analysis can be conducted for freely chosen goods, using equations (xxii) and 
(xxiv), while also recalling the assumption 𝛿𝑖𝑊 = 0 : 
 
𝑈
𝜆
∑ 𝜂𝑘
𝑘∈𝐿
= ∑ 𝑃𝑘𝑋𝑘
𝑘∈𝐿
= 𝑤𝑇𝑊 − 𝐺𝑆        (xlii)  
Which yields the following expression, which is a counterpart of Jara-Diaz (2007) equation 
2.61: 
 
∑ 𝜂𝑘𝑘∈𝐿
𝑤𝑇𝑊 − 𝐺𝑆
=
𝜆
𝑈
 (xliii)  
Note that equations (xlvi) and (xlvii) conform to equations (10) and (11) from the main paper 
respectively.  
Hence the expression of value of time as a leisure (resource value of time) can be obtained:  
𝜇
𝜆
=
𝑤𝑇𝑊 − 𝐺𝑆
𝜏 − 𝑇𝑊 − 𝑇𝑅
∑ (𝜃𝑖 + 𝜃𝑖𝑊 + ∑ 𝜃𝑖𝑗
𝑗=𝐽
𝑗=1 )𝑖∈ℱ
∑ 𝜂𝑘𝑘∈𝐿
 (xliv)  
This expression indicates that, ceteris paribus, inclusion of secondary activities in time-use 
consideration will lead to higher value of time as leisure, since additional utility is now 
obtained from participation in secondary activities.  
 
More importantly, the derivations lead to expression for the optimal time allocated to a 
particular secondary activity, given the primary activity which can be obtained by 
manipulating equations (xxxiv), (xxxvii): 
 
𝑇𝑖𝑗
∗ =
𝜃𝑖𝑗
𝜃𝑖𝑊 + ∑ 𝜃𝑖𝑗
𝑗=𝐽
𝑗=1
𝑇𝑖              ∀𝑖𝑗, 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽 (xlv)  
The expression can be further expanded depending on whether the primary activity is freely 
chosen: 
 
𝑇𝑖𝑗
∗ =
𝜃𝑖𝑗
𝜃𝑖𝑊 + ∑ 𝜃𝑖𝑗
𝑗=𝐽
𝑗=1
𝜃𝑖 + 𝜃𝑖𝑊 + ∑ 𝜃𝑖𝑗
𝑗=𝐽
𝑗=1
∑ (𝜃𝑖 + 𝜃𝑖𝑊 + ∑ 𝜃𝑖𝑗
𝑗=𝐽
𝑗=1 )𝑖∈ℱ
(𝜏 − 𝑇𝑊 − 𝑇𝑅)             ∀𝑖𝑗, 𝑖 ∈ ℱ, 𝑗 ∈ 𝐽 (xlvi)  
Or restricted (committed):  
𝑇𝑖𝑗
∗ =
𝜃𝑖𝑗
𝜃𝑖𝑊 + ∑ 𝜃𝑖𝑗
𝑗=𝐽
𝑗=1
𝑇𝑖𝑀𝐼𝑁                                ∀𝑖𝑗, 𝑖 ∈ ℛ, 𝑗 ∈ 𝐽 (xlvii)  
  
